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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : Wright, J.L,C. 
Appta.No. : 09/385,834 
Filed: August 30, 1999 

Tide : A Nutritional Supplement for Lowering 

Serum Tiiglyceride and Cholesterol Level 

GrpVA.U. ; 1616 
Examiner : S. N. Qazi 

Docket No. 76891 

DECLARATION PURSUANT TO 37 CFR § 1.132 

I, H. STEPHEN EWART Ph,D., hereby declare that: 

1 . I am currently employed by Ocean Nutrition Canada Limited, the 
assignee of the above-identified application, in the capacity of Principal Research 
Scientist. I am currently responsible for the ongoing research project from which the 
above-identified patent application arose. Details of my education, employment in 
research, and my academic publications axe set fonh in Exhibit 1 hereto. In view of 
my education and my involvement with the research project relating to this 
application, I have extensive background and experience in the area of nutritional 
supplements for lowering triglyceride and cholesterol levels. 

2. I have carefully reviewed this patent application, the Office Action 
mailed April 26, 2002, and the references cited therein. 

3. Claims 1, 5-11, 34 and 39 of the instant application stand rejected as 
being obvious over U,S, Patent No. 5,770,749 to Kuraey e? al and U.S, Patent No. 
4,879,312 to Kamarei et al The Examiner states that Kutney et al teach that 
phytosterols are effective in lowering plasma cholesterol levels and that Kamarei et 
al teach that a diet rich in omega-3 fatty acids has beneficial effects in humans, 
including a reduction in plasma cholesterol and triglyceride levels. The Examiner 
goes on to state that the present claims differ from the references in claiming a 
nutritional supplement by employing a combinati n of phytosterols and an omega-3 
fktty acid. The Examiner therefore concludes that it would be obvious to one skilled 
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in the art at the time of the invention to employ phytosterols in combination with 
omega-3 fatty acids in compositions and methods for lowering cholesterol and 
triglycerides in the bloodstream of a subject, because these agents are known 
individually for the treatment of the same disorder. 

4. Ir is very important to recognize that the present invention concerns 
not mere mixtures of sterols and omega-3 fatty acids but rather asters of a sterol and 
an omega-3 fatty acid. For the purposes of making nutritional supplements, there are 
very important differences between a mixture of a sterol and a farcy acid, and a 
composition wherein the sterol has been chemically joined to the fatty acid through 
ester linkage. 

5. Mere mixtures of sterols and omega-3 fatty acids are not useful for 
making nutritional supplements at least in part because the free sterol does not 
dissolve well into the fatty acid. When mixed together, the sterol remains crystalline, 
and the particles merely become suspended in the omega-3 fany acid oil, resulting in 
a gritty paste-like material. This paste cannot be added to food products without 
substantially degrading their aesthetic properties. For example, a mere pasty mixture 
of a sterol and a farcy acid could not be added to margarine, without unacceptably 
altering the appearance, texture, and flavour of the margarine. Similarly, a pasty 
mixture is difficult to microencapsulate, the preferred means of delivering the 
nutritional supplement in cake mixes, baked goods, ice cream, etc. 

6. Such pastes are also very difficult to formulate into pharmaceutical 
compositions. For instance, the paste cannot be easily packaged in a capsule, which 
is the preferred single dosage format. Similarly, the pasty composition could not be 
packaged in a liquid form, which requires a homogenous oil. 

7. The present invention overcomes the above-identified problems by 
chemically joining die sterol to the omega-3 fatty acid through an ester linkage. The 
sterol ester thereby produced is an oily, viscous liquid, suitable for inixoducuon into 
food products and for packaging in capsules and the like. Three to four grams of this 
sterol ester can be dissolved in about 20 grams of margarine or other dietary fat 
source, without altering signilicantiy the texture/taste profile of the product, 



07/19/02 FRI 13:48 [TX/RX NO 7378] @009 



Jul-Vfl-ZOOZ 13:47 From-S4B/FiCo +613 T-906 P.Q1D/029 F-528 

■ No.241 07/12 ' 02 13:39 ID^ 

09/38S,834 3 

g As discussed in detail in my Declaration filed on April 12, 2001 , the 

sterol esters of omega-3 farcy acids of the invention are effective for lowering both 
cholesterol and triglyceride levels in the blood of animals. This is, in fact, a very 
surprising result due to the differing mechanisms of action of sterols and omega-3 
fatry acids. 

9. Phytosterols ar e not absorbed in the digestive tract to any great extent. 
This is acknowledged in the Kutney §t al reference at column 2, lines 6-7 where it is 
stated that phytosterols have no nutritional value to humans, ie., the phytosterol 
does not get absorbed into the bloodstream. The mechanism by which phytosterol 
lowers blood cholesterol appears to involve inhibition of cholesterol absorption in the 
small intestine by competing with cholesterol at critical points in the uptake process. 

10. In contrast, in order to effect a reduction in bloodsiream triglyceride 
levels, omega-3 fatty acids must be absorbed from the intestinal lumen into the 
bloodstream. Fish oil omega-3 fatty acids must travel in the bloodstream to the liver 
where they modulate the activity of several enzymes of carbohydrate and lipid. The 
overall effect is the promotion of hepatic fatty acid oxidation and reduction of 
triacylglycerol synthesis, with a consequent reduction of triacylglyverol release into 
the circulation (see article cited in current patent application: Connor and Connor 
,1997, Are fish oils beneficial in the prevention and treatment of coronary artery 
disease? Am, J, Oin.Nutr. 6*5 (suppl-): 1020S-1031S 

1 1 . Therefore, at the time of the invention, it was unknown whether this 
opposing requirement would be met. In particular, would the sterol component of 
the ester prevent the fatty acid from being absorbed into the bloodstream? While 
there are digestive enzymes in the intestinal lumen with esterase activity chat could 
potentially free the fatty acid from its ester linkage with the sterol, the degree to 
which this would occur was unpredictable, and therefore, it was unclear whether 
sufficient of the omega-3 fatty acids would be released to have a significant impact on 
serum triglyceride levels. 

12. Moreover, contrary to what is stated in Kamarei at aL, the 
preponderance of scientific evidence is that omega-3 fatty adds do not lower 
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cholesterol, and may actually increase it. Harris (1989) J. Lipid. Res. 30:785-807, 
discussed in the present patent application at page 7, lines 2S-27, concluded that fish 
oil consumption (omega-3 ratty acids) results either in no change in serum 
cholesterol, or actually leads to an increase in LDL cholesterol. Similarly, a recently 
reported study found that EPA and DHA, the principal omega-3 ratty acids found in 
fish oil, increased LDL cholesterol levels (see Stalenhoef ei al (2000) The effect of 
concentrated N-3 ratty acids versus gernnbrozill on plasma lipoproteins, low density 
lipoprotein heterogeneity and oxidizability in patients with hypeitriglyceridernia. 
Atherosclerosis 153:129-138, attached hereto as Exhibit 2), 

1 3 LDL cholesterol is the form of blood cholesterol lowered by ingestion 

of sterols. Thus, irrespective of the above-described complications arising from the 
esterification of sterols with tlie omega-3 fatty acids, based on the totality of the 
available scientific literature, it would have been expected that the cholestarol- 
incr&asing effect of the omega -3 fatty acid might reduce or counteract the cholesterol- 
lowering effect of the sterol. It would not have been expected that the combination 
of the sterol and the omega-3 tatty acid, particularly in esterified form, would result 
in a reduction in both cholesterol and triglyceride levels, as disclosed in the present 
application. 

14_ I hereby declare that all statements made herein of my too wledge are 

true and that all statements nude on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 
section 1001 of Tide 18 of the United 'States Code, and that such willful false 
statements may jeopardize the validity of this application or any patent issuing 

thereon. 




H. Stephen Ewart, Ph.D. 

Date 
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H. Stephen Ewart 

Ocean Nutrition Canada, Lid 
1721 Lower Water St 
Halifax, NS, B3J1S5 

Telephone: (902) 421-5745 
E-mail: Sewart@oceaii-nutritiQn.coni 



Education 

09/87 - 09/93 Ph.D. in Biochemistry, Memorial University of Newfoundland 

St John's, Newfoundland 
Supervisor. Dr. J.T. Brosnan 

09/84 - 05/86 M-Sc in Biology, Mount Allison University 

Sackville, New Brunswick 
Supervisor Dr. W.R. Driedao 

09/79 - 04/83 B.Sc. (Honours) in Biology, Mount Allison University 

Sackville, New Brunswick 



Employment in Research 

04/0 1 - present Principal Research Scientist 

Ocean Nutrition Canada Ltd. 
Halifax, NS 

04/99 - 04/0 1 Senior Research Scientist 

Ocean Nutrition Canada Ltd. 
Halifax, NS 

04/96 - 03/99 Postdoctoral fellow, Department of Pharmacology & Therapeutics 

University of Calgary 
Calgary, Alberta 

10/93 . 03/96 Postdoctoral fellow, Division of Cell Biology 

10/93 03/yo for gick 

Toronto, Ontario 

n</S6 07/87 Research assistant. Department of Bi logy 

05/hb u " Mount Allison University 

Sackville, Now Bruasvwck 
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Honours and Awards 

09/93 - 09/95 Hugh Sellers Postdoctoral Fellowship 

Banting and Best Diabetes Centre 

1992 Merck Frosst - Canadian Biochemical Society Student Travel Award 

01/88 - 01/91 Memorial University Graduate Student Fellowship 

Memorial University of Newfoundland 

09/80-05/83 • Wilkinson Scholarship 

Mount Allison University 

09/79 - 05/80 Entrance Scholarship 

Mount Allison University 



Teaching experience 

09/87 - 12/92 Laboratory tiiaching assistant for biology and biochemistry courses 

at Memorial University 

Introductory Biochemistry, 3100 (6 semesters) 
Techniques in Biochemistry, 421 1 (3 semesters) 
Introductory Biology (1 semester) 
Pharmacy Tutorial (1 semester) 

09/84 - 05/86 Laboratory teaching assistant for biology courses 

at Mount Allison University 

Animal Physiology, 3210 (2 semesters) 
Metabolism, 3501 (1 semester) 
Cell Biology (1 semester) 

09/80 - 04/83 Laboratory teaching assistant for biology and chemistry courses 

at Mount Allison University 

Analytical Chemistry (1 semester) 
Introductory Biology and Ecology (3 semesters) 



Publications 

Refereed papers 

Curtis* J.M-, Dennis. D., Waddell, D.S., MacGillivray T., Ewart, H.S. (2002) 
Determination of LKPNM content in bonito muscle hydrolysates by LC-MS- J.AgricF od 
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Chetn. (in Press). 

Ewait, H.S-, Cole, L.K., Kralovec, J., Layton, H M Wright, J.L.Q, Curtis, J.M., Murphy, 
M.G. (2002) Fish oil containing phytosterol esters alters blood lipid profiles and left ventricle 
generation of thromboxane A 2 in adult guinea pigs. J. Nutr, 1 32: 1 149-1 152. 

Russell, J.C., Ewart, H.S., Kelly, S.E., Kralovec, J„ Wright, J- L. C, Dolphin, PJ. 
(2002) Improvement of vascular dysfunction and blood lipids of Insulin-Resistant Rats by a 
marine oil-based phytosterol compound. Lipids 37: 147-152. 

Shimoni, Y„ Severson, D„ and Ewart, H.S. (2000) Insulin resistance and the modulation 
of rat cardiac K+ currents. Am J Physiol, (Heart Circ Physiol) 279: H639-H649. 

Ewart H.S., Carroll, R., Severson, D.L. (1999) Lipoprotein lipase activity is stimulated by 
insulin and dcxamethasone in cardiomyocytes from diabetic rats. Can. L Physiol. Pharmacol. 77: 
571-578- 

Ewait H.S., Severson, D.L. (1999) Insulin and dexamethasone stimulation of cardiac 
lipoprotein lipase activity involves the actin-based cytoskele&on. Biochem J. 340: 485-490. 

Shimoni, Y., Ewart, H.S., Severson, D.L. (1999) Insulin stimulation of rai ventricular K + 
currents requires the integrity of the cytoskeleton. J. Physiol.514: 735-74S. 

Ewart H.S-, Somwar, R. ? Klip, A. (1998) Dexamethasone stimulates the expression of 
GLUT1 and GLUT4 proteins via. different signalling pathways in L6 skeletal muscle cells, 
PEBS Lett. 425: 179-183. 

Shimoni, Y-, Ewart, H.S., Severson, D.L. (1998) Type I and II models of diabetes 
produce different modifications of 1C currents in rat heart: role of insulin. J. PhysioL 507: 485- 
496. 

Squires, S.A«, Ewart, H.S., McCarthy, C, Brosnan, M.E., Brosnan, J.T, (1997) 
Regulation of hepatic glutaminase in the streptozotocin-induced diabetic rat. Diabetes 46: 
1945-1949. 

Anderson, L.G., Carroll, R„ Ewart, H,S M Achaiya, A-, and Severson, D.L, (1997) 
Heparin-releasable lipoprotein lip<ise activity is increased in cardiomyocytes after culmre. Am. J. 
Physiol 273: E759-E767. 

Ewarc, H.S., Carroll, R., Severson, D.L, (1997) Stimulation of lipoprotein lipase in rat 
cardiomyocytes by insulin and dexamethasone. Biochem J. 327: 439-442- 

Estrada, D.E., Ewart; H.S., Tsakiridis, T., Volchuk, A., Rarolal, T„ Tritsdbler, H-> Klip, 
A- (1996) Stimulation of glucose uptake by a natural coenzyme, a-lipoic acid: participation of 

aJ<a>TLanca of jnaitfi-n signaling pathway. JDtabetes 45: 1 798-1 804, 
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Rarolal T., Ewart, H.S., Somwar, R., Deems, R.O., Valentin M.A., Young, D.A., Klip, A. 
(1996) Muscle subcellular localization and recruitment by insulin of glucose transporters and 
Na 1 7K i '-ATPase subunits in transgenic mice overexpressing the GLUT-4 glucose transporter. 
Diabetes 45: 1516-1523. 

Volchuk, A., Wang, Q„ Ewart, H.S., Liu, Z.,He. L, Bennett, M.K., Klip, A. (1996) 
Syntaxin 4 in 3T3-L1 adipocytes; regulation by insulin and participation in insulin-dependent 
glucose transport Mol. Biol. Cell 7: 1075-1082. 

Ewart, H.S., Qiao, D„ Brosnan, J.T. (1995) Activation of hepatic giutaminase in the 
endotoxin-treated rat J. Surg. Res. 59: 245-249. 

Ewart, H.S., Brosnan, J.T. (1993) Rapid activation of hepatic giutaminase in rats fed on a 
single high-protein meal. Biochem. J. 293: 339-344. 

Ewart, H.S., Jois, M., Brosnan, JX (1992) Rapid stimulation of the hepatic glycine 
cleavage system in rats fed on a single high-protein meal- Biochem. J. 283 : 441-447. 

Jois, M., Ewart, H.S., Brosnan, J.T. (1992) Regulation of glycine catabolism in rat liver 
mitochondria, Biochem. J. 283: 435-439. 

Ewart, H.S., Driedzic, W.R, (1990) Enzyme activity levels underestimate lactate 
production rates in cod (Gadus morhua) gas gland. Can. J. Zool. 68: 193-197- 

Ewart, H.S., Canty, A.A., Driedzic, W.R. (1988) Scaling of cardiac oxygen consumption 
and enzyme activity levels in sea raven (Hemitripierus americanus). Physiol. Zool. 61 : 50-56. 

Ewart, H.S., Driedzic, W.R. (1987) Enzymes of energy metabolism in salmonid hearts: 
spongy versus cortical royocardia. Can. J. Zool. 65: 623-627. 

Chapters in books 

Tsakiridis, T., Ewart, H.S., Ramlal, T., Volchuk, A. s Estrada, D.E., Tntschler, H., Klip, 
A. (1997) a-lipoic acid stimulates glucose transport in muscle and adipose cells in culture: 
comparison with the actions of insulin and dinitrophenol. In; Thioctic Acid in Health and 
Disease (J. Fuchs, L. Packer, and (3. Zimmer, eds.) Marcel Dekker, Inc., New York. pp. 87-98. 

Brosnan, J.T., Ewart, H.S., Squires, S.A. (1995) Hormonal control of hepatic 
giutaminase. Advan. Enzyme Regal. 35: 131-146- 

Brosnan, J.T.. Ewart, H.S., Squires. S.A., Day, S.H.. Kovacevic, Z Brosnan, M.E 
(1994) Honnonal and dietary control of hepatic glutamine metabolism. Contnb. Nephrol, no. 
109-114. 



Invited revi w 
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Ewart, H.S., Klip, A. (1995) Hormonal regulation of the NaVK + -ATPase: mechanisms 
underlying rapid and sustained changes in pump activity. Am. J- Physiol. 269: C29S-C31 1. 

Abstracts 

Ewart, H.S., Cole, L.K., Kralovec, J., Layton, H., Wright, J.L.C.. Curtis, J.M., Murphy, 
M.G. (2001) Effect offish oil-containing phytosterol esters on blood lipid profiles in adult 
guinea pigs. 26* Annual Canadian Lipoprotein Conference (Digby, NS). 

Curtis, J. M., Dennis, D., Waddell,D.S., MacGiliivray, T., Ewart, H.S. (2001) LC- 
MS/MS Determination of an Angjotension-Converting Enzyme Inhibitor in Nutraceutical 
Formulations of a Fish Protein Hydrolysate. 1 4th Lake Louise Workshop on Tandem Mass 
Spectrometry. 

Zhang, J., Dennis, D., Samson, P., Ewart, H.S., Barrow, Colin. (2001 ) Screening for 
antioxidant from marine microorganisms and seafood byproducts using radical scavenging 
assays. 42 1 " 1 Annual Meeting of the American Society of Pharmacognosy ,0-14: p39. 

Ewart, H.S., Shimoni, Y., Severson, D.L. (1998) K + currents in insulin-resistant rat 
models of diabetes. J. Physiology 511.P: 148P- 

Ewart, H.S., Severson, D.L. (1998) Regulation of cardiac lipoprotein lipase. 
Cardiovascular/Lipid & Lipoprotein Research Group Retreat, University of Alberta, Edmonton. 

Shimoni, Y., Ewart, H.S., Severson, D.L. (1997) Effects of insulin on cardiac K* 
currents. Canadian Diabetes Association Professional Conference and Annual Meetings. 
Windsor, Ontario. J. Diabetes Care (Suppl): S5A. 

Severson, D.L., Ewart, H.S., Anderson, L. (1997) Metabolic and hormonal regulation of 
cardiac lipoprotein lipase. Lipoprotein Metabolism, Obesity and Atherosclerosis (Satellite 
Symposium of the Xlth International Symposium on Atherosclerosis. Saint-Malo, France. 

Ewart, H.S„ Carroll, R., Severson, D.L. (1997) Lipoprotein lipase activity is stimulated 
in rat caxdiomyocytes by insulin and dexameihasone. J, Mol. Cell. Cardiol. 29: A160 

Ewart, H.S., Severson. D.L. (1997) Stimulation of lipoprotein lipase in rat 
cardiomyocytes by insulin and dexaroethasone. Cardiovascular/Lipid & Lipoprotein Research 
Group Retreat, University of Alberta, Edmonton. 

Ramlal T., Ewart, H.S., Deems, R.O., Valentin MA., Young, D.A. Klip, A. (1996) 
Insulin induced translocation of glucose transporter and Na /K -pump isoforms m skeletal 
rXde of transgenic mice overexposing the human OLUT4 glucose transporter. Dxabetes 4S 
(Suppl 2): 246A. 

Hrosnan J T Ewart, H.S., Squires, S.A., Day, S H., K^^vi* Z Brosnan, M.E. 
(1993) «^"i^^^^* l ^ B ^ USrU ' 6thtoemaUOaal 
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Workshop on Renal Ammoniagenesis and Interorgan Cooperation in Acid-base Homeostasis. 
Villa Hanbury, Moitola. Italy. 

Ewart, H.S., Jois, M„ Brosnan, J.T. (1992) Acute regulation of hepatic glutaminase in 
rats fed a single high protein meal. 35th Annual Meeting CFBS: 262. 

Squires, S.A., Ewart. H.S.. Hall, B.. Brosnan, J.T, (1992) How does glucagon activate a 
mitochondrial enzyme *? - Effects of okadaic add on glutaminase in intact hepatocytes. 35th 
Annual Meeting CFBS: 2S9. 

Ewart, H.S., Jois, M., Brosnan, J.T. (1991) Activation of amino acid metabolism 
following a single high protein meal. FASEB J. 5: A1305. 

Ewart, H.S.. Jois, M., Brosnan, J.T. (1990) Liver mitochondria from rats fed a high 
protein diet or meal show enhanced glycine catabolism. FASEB J. 4: A3 124. 

Ewart, H.S., Jois, M., Brosnan, J.T. (1990) Liver mitochondria from rats fed a high 
protein diet or meal show enhanced glycine catabolism. 33rd Annual Meeting CFBS; 280a. 



Professional Memberships 

Canadian Institute of Food Science and Technology 

American Diabetes Association 

American Heart Association 

Nova Scotia Institute of Science (Councillor) 
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The effect of concentrated n-3 fatty acids versus gemfibrozil on 
plasma lipoproteins, low density lipoprotein heterogeneity and 
oxidizability in patients with hypertrygliceridemia 

Anton F H Staknhoef »•*, Jacqueline de Graaf • Marianne E. Wittekoek \ 
Sebastian J.H. BredieS Pierre KM. Demacker* John J.P. Kastelejn b 
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SSS«Sr«M (DHA)!od lipid and lipoprotein UN*, low dewy lipoprotrbi ODL) Bub&BCunn prafik nadLDL- 
SS^to* Omior and g^brorf therapy mujtel in a similar «gnifi«« deero ***** *£*^LZ^lmlZ 
SSSprouio (VLDL) uiglyoaidc aid VLDL chotaol cononjnrauws and an tnawur » bah d«a.ry Upopr«dn CHDL) 
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1, Istraducdon 

Sul^tcts with modoratD bypcnriglyccridcnria ate con- 
slctecd to be at iiuaca«od risk for coronary heart dis- 
ease (CHD), especially mca ever age SO with low high 
deadly lipoprotein (HDL) cholesterol levels [1]- Several 
potential meebwisns have heea suggested to con- 
tribute to this phenomenon, including on en«ww»a 
atherogenic potential or J w density lipoprotein (LDI-) 
in the hypcrti^yccrideauc subjects [2-4]. LDL isolated 
from bypeitriglyceridcrpic subject is polydiapprsc 
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defined by the presence of multiple LDL subfracdons 
over a broad density range, with the mean LDL subtrac- 
tions being abnormally small and dense [4,5], This dense 
LDL subfmction profile hss been associated with an 
increased risk of CHD [6-8J- In addition, LDL isolated 
from hypenriglycerideroic subjects is more prone to b 
vitTo oxidative modification than LDL front nor* 
motriglycxridenuc subject* [4]* The twidjitiv* modifica* 
doa qf LDL has been implicated in the Initiation and 
progression of atherosclerosis P]- So, IJ&L in byper- 
mglyceridemic subjects is characterized by a dense LDL 
subtraction profile and an enhanced susceptibility to 
oxidation, both contribmioff to an enhanced atherogenic 
potential of LDL and thus increased risk of atheroscle- 
rosis. 

Because of the reported increased risk for premarure 
atherosclerosis, treatment with lipid-lowcring dni^ is 
frequently indicated- Both marine n-3 fatty adds (FA) 
and fibmes are very potent hypomglyceridanic agents; 
however, both can also raise LDL cholesterol concentra- 
tions, especially in hypertriglyceridemia subjects [10- 
13], Only a few studies are available that address the 
effect of n-3 FA [14 -16] and fibmtes (4,17] on LDL 
heterogeneity. Furthermore, dietary n-3 FA arc incorpo- 
rated into lipoproteins, thereby potentially affecting the 
susceptibility of LDL to oxidative modification. "There 
are conflicting results, however, between studies on the 
effects of n-3 fatty acid supplementation on LDL oxidiz- 
ability [16,18-231, whereas only few studies report the 
effect of fibrates on this parameter [4» 17.24]. 

The present study was undertaken to compare directly 
the effects 6T concentrated n-3 FA (Qnuicor*) vs gemfi- 
brozil on LDL heterogeneity and LDL oxidizability in 
hypenriglyccndeniic patients. 



2. Methods 

2J. ?aiknis 

A total of 30 patients with primary hypertrigyee- 
ridemJa (triglyceride (TO) levels between 4.0 and 28,0 
mmol/1), confirmed by repeated increments, were 
recruited from the outpatient lipid dime of Numegen 
University Hospital (18 patients) and Amsterdam Aca- 
demic Medical Centre (12 patients)- Exclusion criteria 
uyere secondary causes for dyslipidcaia, including a 
history of diabetes mellitus, or apolipoprotein pbeno- 
type E2/E2- The participants continued their standard 
iipid-lowering diet throughout the trial (American Heart 
Association Step I diet: <30% of total cnlones/day 
from fat (majutnum 10% saturated fat) and cholester I 
^300 mp/^y). Other concomitant medication Wa« 
maiatained unchanged during the study. None of the 
subjects used vitamin supplements, antioxidants or oral 
blood glucose low ring agents. The protocol was ap- 



proved by the ethical committee of our institution and 
written informed consent was obtained from all subjects, 

2-Z Study design 

* 

Ibis study was a double-blind trial with a double* 
dummy design. At the Stan of the study lipid-lowering 
medication was stopped (week -6), followed by a 
wash-out period of 4 weeks (week -6 to - 2), Baseline 
plajona lipid values were measured twice at the end of 
this wash-out period (week - 2 and day 0). Thereafter, 
the subjects were randomly assigned to receive cither 
gemfibrozil (1200 mg/day) together with placebo match- 
ing Omacor™ capsules (ft «= 16) or Onxacor™ capsules 
(4 g/day) together with placebo matching gemfibrozil for 
12 weeks (n - 14) (day 0 to week 12). Blood samples 
were obtained at weeks 6, 10 and 12. The Omacor 
capsules (Pronova Biocare. Oslo, Norway) contained 1 
g or concentrated n-3 FA (92%): 44-4% eko^apentaenoic 
(EPA) and 36.2% docosahcxaenoic aod (DHA). o-al* 
pha«iocopherol was added as an antioxidant to a con- 
centration of 4 IU/g-3,3 mg/g. The placebo capsule 
contained corn oil (S6»3% Unoleic acid), mono-unsatu- 
ratsd FA (26.8% oleic acid) and saturated FA (2.3% 
stearic add), and 2A rug vitamin & 

For the evaluation of adverse events; serum enzyme 
activities (ALAT and ASAT), glucose and HbA l0 were 
determined according lo the clinical routine at the 
hospital. Compliance was monitored by counting the 
returned capsules and was 98%. 

2J. Plasm* 

Venous blood samples were collected after an 
overnight fast into vacutainer tubes containing I mg/mi 
of ethylenediaminecetraaceiic acid (Ky-EDTA). Plasma 
was isolated immediately and saccharose solution (final 
concentration 600 mg/ml H ? G) was added to prevent 
denaturadon of lipoproteins during f reeling; samples 
were stored at - 8Q a C. All determinations were per- 
formed at the lipid research laboratory of the University 
Hospital Nijmegen, 

2A Lipid and lipoprotein analysis 

Very low denslty.lipoprotein (VLDL) -f intermediate 
density lipoprotein (IDL) (d < L019 g/ml) were isolated 
by ultracentrifu^tion for Id h at 36 000 rpm 
(153 000 x g) in a 8xed*ngle TFT 45.6 rotor (fcoutron> 
Zurich). Plasma and lipoprotein cholesterol and 
triglyceride concentrati ns were determined with the 
Hitachi 744 analyser (cholesterol no 237S74; tri»lyeende 
no 1361135; BoebrinfeW-Mannheim, FRG). HDL 

cbolestetol was determined in WUoie plasma usxns tne 

pbosphotungstetc/Mg^ method pSJ. Apo E ph^no- 
types were determined after isoelectric focusing oi 



07/19/02 FRI 13:48 [TX/RX NO 7378] ©021 



Ju 1-1*9-2002 13:51 Froin-StB/FKo 
No.241 07/12 '02 13:41 II 



+613 



T-996 P. 022/029 F-528 



AJJi. Stalcnhatfet ml./ Albstuscltradt JS3 (2000) 19-138 



131 



IvLDL lipoproteins, as described previously Bfl -^e 
i*poE PM» were E4/3 (» » 1 0), E3/3 (» = 6). E3/2 
|<fli -12). and E4/2 fa -Ji- 
ll: 



1^5. Anolysti ofloyt density lipoprotein subfraeiion 
profiles 

I' LDL subtractions before and alter treatment were 
r sBoaiatad by angle spin density gradient ultiaceaerifu- 
f Stion [27]. Each individual LDL subtraction profile 
i'ias defined by a continuous variable X, as described id 
^derail previously [28,29]. Briefly, after ttteraerowfuga- 
W non the LDL sub&acrions were viable as distinct bands 
HZ A e middle of the tube. Up io five LDL snbfracrions 
leould be distinguished, i.c LDLl (d= 1.010-1.033 g/ 
I ml) LDL2 tf- 1.033-1-040 g/ml). LDL3 (d - LO40- 
^LOtfiM LDW C«/- 1.045-U049 g/ml) -d LDL5 
1 Q49-1.0S4 g/ml). The aubfracdons were carefully 
^pirated by means of a paateur pipette. The volumes 
were calculated by weighing after correction for the 
densities. Subsequently, cboksicrol was determined m 
each fraction; the concentrations were corrected for 
- dilution, and incomplete recoveries. The relative choles- 
Jiterol concentrations CKchol) in the LDL subtractions 
l! w used to calculate parameter K as a c^uous 
livariable, which best describes each rodi<n4ual LDL 
lUbfractfon profile. The relative coBOTbutton of each 
! LDL subfraction. expressed by its cholesterol concen- 
fcStion LDLl-LDLS) relative co ital LDL 
Infraction profile (total LDL C J"*;*** 
| LDLl +V«ebol LDL2 + %ehol LDL3 + e /*hol 
( LDU+y-shcH LDLS) was calculated- The relative 
^cholesterol concentration of LDL3 and the tattfis> 
I nuentlv occurring LDL4 and/or LDLS were added to 

pSJjM where Stnfl 
IlDL1) + LDL2 ptehol LDL2) + LDL3 ("/cnol 
I LDL3 1 ). When a subtraction pattern was characterized 
IbVa predominance of buoyant LDL P"^**?. 
^calculated by JC-CVUiol LDLl -Vrfhol LDU*)/ 
$Sol LDL2-V<*ol ^t» L *^/2 
I predominancy of heavy, dense LDL Pf**" 65 ; «*» 

iSSolli)L2--%chol LDLlJf 1). A negative value 
fl*<0) reflects a more dent* LDL sub&scuou profile, 
%d a positive JC-value (K>0) anwre buoyant profile. 

|io*. Oxfctoton o//ow de««fv lipoproteins 

* Planna isolation was immediately followed by LDL 
Ic-bSTby deadly gradient ulnacenmfugation^Oj WO 
1 for 18 h at 4-Q using a SW40 rotor CBa±ma*. 

0 All . CA, USA). ATtcr iotfarfon of wwJ LM- the 

lt dn content of LDL was measured by we method 
Lewry et al- [30], with chloroform extraction to 
turbidity, using bovine serum albumin as a 



standard. LDL cholesterol was calculated by aubtraet- 
ing VLDL+IDL cholesterol and HDL cholesterol 
from total cholesterol. The oxidation experiments ware 
performed as described by Estarbauer et al. pi], as 
modified by Kletavdd et al. [32]- Briefly, the oxidation 
of LDL (60 us apoupoproiein/ml) was aitiated by the 
addition of CuSQ* to a final concentration of 18 uM at 
37°C The kinetics of the oxidation of LDL was deter- 
mined by monitoring the change of the 234-niu dfeae 
absorption in a thermostated UV spectrophotometer 
The oxidation characteristics of LDL were determined 
as described previously by the lag lime (min), the 
oxidation rate (mnol dienes/mg protein per min) and 
the maximal amount of dienes farmed during LDL 
frt.4i.tfr n (nmol/mg LDL protein) p3]. 

Tbiobarbiturie acid reaaive substances (TBARS) m 
plasma wore determined as described [34]. 

2.7, Determination of fatty adds and uiunm £ in low 
density lipoprotein 

Analysis of fatty acids, extracted from LDL by vor- 
with 3 ml n-bexaae, was performed by gas 
chromatography (Varian 3400 OC, rlouteo, The 
Meiherlands) [33]. Vitatnin E coaoBOtrations were deter- 
mined by hjgb-perforinancs liquid chromatography 
(HPLC Spectra Physics Model 880O), With fluorescence 
detection. For extraction of vitamin E, Q2 ml LDL was 
vortex mixed with 2 ml acetone and 2 ml petroleum 
ether pS]. 

2.8. Statistics 

The values of the variables measured at week 0 and 
12 are piwented as ihe value •before' and 'after' treat- 
ment, respectively. Results are expressed as mean ± 
S D. and median with interquartile ranges. The mean ot 
the individual percentage change after therapy was 
calculated and presented as delta (%)- 

The effect of either gemfibrozil or Oinacor on abso- 
lute values or plasma apoproteins, fatfl) 'and cwni"*- 
tion vitamin E concentration. TBARS and LDL 
oadiabiliiy parameters were tested by uon-i»reineir>c 
*w for dependent variables by the WUcoxon signed 
rank test. Du^reneea between (he effects of gemfibrozil 
and Omacor oa plasma apoproteins, fatty and oompo- 
sidon, vitamin E concentration, TBARS and LDL oxj- 
dSblhry parameters were tested by the non-pammetTw 
Mann-Whhney 17-tests fox independent variables, a 
^Udled probability value of less than 0 OS was cod- 
LSTo te Hgnificant. Pearson's correlanon eoefiU 
cSTwere oSrSed to demrmine the «rrdauon 
between the variables fotty adds ^ 0 ^^jJ 
LDL. The matisrical analyses were pBtforraed witnpr^ 
eedures avaflabb in the SPSS PC + CStanswal ra«*»BF 
for the Social Sciences) Software package Version 9.0 
(SPSS, Chicago, VL, USA). 
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3. Besom 
3.1. Patients 

Analysis was based on inlemion-to-treat. but wo 
subjects were not included in the final analysis- °" 
subject (Ctaacor group) developed exceaave WJ- 
Uidy«ridcaua (TO - 56.5 mmol/l) after he stopped «« 
regular medication. One subject (gemfibrozil group) 
was not willing to continue the tnal after 
ranaom&ation. . 

At baseline, toe gemfibrozil group (n= 13) and toe 
Omaeor group (n= IS) woe similar in mean age and 
body OWS mdex (BMI) (mean age 52.7 ± 6.9 vs 48.3 ± 
83 years, nspecrively; BMI 26.6 ±3,8 vb 27.5 ±2.4 
kg/m 3 , respectively). After treatment, in the Omaeor 
group eight patients showed an increase in body weight 
whereas in seven patients body weight remained stable 
or decreased. Similarly, in the gemfibrozil group ax 
patients showed an increase in body weight whereas 
seven patients showed a stable or decreased body 
weight- 

After inclusion, in both the gemfibrozil aod Omaeor 
group one patient with glucose levels above 6.9 mmol/1 
was present (gemfibrozil group, ■ - 1. glucose 1O0 and 
10.1 mmol/1 at week 0 and 12. respectively: Omaeor 
group, n - 1, glucose 12.1 and 10.5 mmol/1 at week 0 
and 12. respectively). All other patient* bad glucose 
levels below 7.0 mmol/l. These wo patients did not 
have a history of diabetes mellitus and were noltreateo 
with oral blood glucose lowering agents either before or 
during the trial. The fasting glucose concentrations ; as 
weUas the hemoglobin A, 6 concentration were simuar 
tf Me levels for both drugs (gemfibrozil 0uc«* 
61 5^35 mmol/1 and HbA le 5.66 ± ^ J <Jj« 
ducosc 5*8 ±1.24 mmol/1 and HbA 16 . 
£75 not change during treatment wuh Oinacaror 
«mnbrozil (daw not shown). Omaeor and 
were tolerated well by all patients and no significant 
side^sffects were observed. 

XI The effect of treatment on plasma lipids and 
lipoprotein levels 

The results for lipid and Upoprpwn 
at SsX and aft« 12 

hrozU or Omaeor are summarised in Table 1. AWiougn 
Sne valuts of trtfyceride 
patients in the Omaeor group » »^ *JS for 
gemfibrozil group wh i» not \^T%/wl 
Soeride 0 44 and for cholester 1 0.25 
»T S*»t)).There were no significant difference* be- 
m ttmtwo group* « ^SSKStata 
SUor significantly ^dtoUl^^^ 



treatment groups. However, only a alight reduction in 
total cholesterol was found, reaching statistical signifi- 
cance in the Omaeor group only, due to significant 
increase in HDL cholesterol and LDL cholesterol levels 
in both groups after treaoneni. There were no signifi- 
cant differences between the effects of gemfibrozil or 
Omaeor on plasma lipoproteins. 

3.3. The effect of treatment on LDL wbfraction profile 
and K^oalue 

The bypertriglyoeridemic UDL before therapy vmded 
to be polydisperse, consisting of multiple subtractions 
(LDL1 - LDLS) over a broad density range (</= 1.030- 
1.QS4 g/ml). with the dense LDL subtractions (LDL3- 
LDL4) eonnibutmg most to total LDL (Fig. 1). This 
dense LDL subfraction profile is reflected by a negative 
value for parameter K, Which did not differ significantly 
between the groups at baseline (Table 1). Both gemfi- 
brozil and Omaeor increased total LDL cholesterol 
(Table 1) by increasing the cholesterol content or 
LDLl, LDL2 and LDU, whereas the relative contribu- 
tion of* LDL4 and LDL5 to total LDL decreased (Be- 
I), thus resulting in a more buoyant LDL subfraction 
profile. This is reflected by the increase in the value of 
parameter K after either gemfibrozil or Omaeor therapy 
(Table 1). The value of parameter K increased more 
after gemfibrozil (+26.5%. J»<001) than after Oma- 
eor ( + 10.3%. P = OAS) but too difference in change of 
parameter K between gemfibrozil and Omaeor did not 
reach statistical significance CP = 0.088). 

3.4. The effect of treatment on fatty acid composition 
and vitamin E content of LDL 

In die gemfibrozil group the relative contribution of 
Jmhjc add (16:0), and oleic add (18:1) decreased 
SSJ? whereas that of stearic acid 0*%***° 
Sl(lWK arachidonic add (20:4), »M*S» 
DHA (22:6) did not change rignificandy (Tabte 2) tn 
the Omaeor group the relative co otnbution irf EPA and 
DHA increased significantly, with a stgntficani decrease 
cfstearic add and oleic add, whereas the retake 
iSSU Tof Unoleic acid and 
S dmnge CTable 2). Vr*min E ,n LDL m»-J 
siBiuficantly in boiti ireatment groups. The tow 
SoTof polyunsaturated fauy adds PUFA I - WW; 
tided to increase in both groups, jusi reaching 5 »U«) 
Sljuncanco only in the W**^Wj*£% 
ptlpTviiainin E in LDL decreased ysn^cantiy^ 
L^ gr^CTablc 2). No ***** cWtM Tj 
^aen Ac effect of gemfibrozil and Ornacor on fa«y 



add compostaon an* - > j ' j rVH A :md wi* 

Omaeor sign.ncan«y r»-* tn was found, except for pa^jtic ac^d and DHA ano 

SasS as well as in the VLDL borderline significance for EPA CTable 2). 

theVLDT. cholesterol aigriincantly decreased m bow 
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3.5. The effect of treatment on oxidation of LDL 

The lag lime decreased significantly among the sub- 
jects created with Omaeor, whereas treatment with 
gemfibrozil did not affect the lag time (Table 3). A 
fiigpifcani difference between the effect of gemfibrozil 
and Omaeor on las urae found (^<:Q-001). AJ- 
: though the rate of oxidation tended to increase^ the 
j' difffcrepcas were not significant in any treatment group. 
' Total amount of dienes produced per milUgmm of LDL 
: protein increased in both groups after tre&Dfcent, readi- 
: ing statistical ttignlflgmco in the Omaeor group and 
borderline significance in the gemfibrozil group (Table 
; 3). No difference between the effect of gemfibrozil and 
Omaeor on the rate of oxidation and amount of dienes 
was found (Table 3). TBARS concentrations in plasma 
increased after treatment with Omaeor ( + 3 Wo) and 
gecrwed after treatment with gemfibrozil ( — 634); 
however, both changes foiled to reach statistical signify 
canoe. No significant difference in change in TBARS 
" between both treatment groups was found (Table 3). 



4. Obcosslnn 

The underlying cause of the increased tendency to- 
ward cardiovascular diseases in patients with hyper- 
triglyceridemia is probably related to the enhanced 
atherogenic potential of their lipoproteins. Possible 
mechanisms contributing to this increased atherogenic- 
ity include the presence of small, dense LDL and the 
enhanced susceptibility to oxidative modification. In 
this report we described the baseline lipoprotein con* 
centranoost the LDL subtraction profile and LDL oxi- 
dizability of patients with hypertriglyceridemia, afid 
compared the effectiveness of nrntxncnt with either 
gemfibrozil or Omaeor on these parameter? in a double* 
blind, double-dummy design. 

4. /. Lipids, lipoproteins and LDL heterogeneity 

The observed reduction in plasma triglyceride, 
VLDL cholesterol and VLDL triglyceride concentra- 
tion* and increase in HDL cholesterol conccntxations 



TaWe l 

r Chaoses & lipid and lipoprotein canamtraQoa and the LDL suhfraeoon profile (i<c K-vaiuca) in suhjesu with hy^ftH^yccndania after 
ncanami with Om&anr or tsrofibraal* 



.Total cholesterol 



"TugJyoETKles 



£jJDL GhoIfiSCBTQl 



#VLDL cholesterol 



•VLDL iriglycqrito 



;JfJ3L cholesterol 



I^C-valu 



Drug 


Before 


After 




** 




0 


8,85 ±3,04 
7.69 (6.1S-11.87) 


7,8512-32 
7.16 (6.034.14) 


-8.9 ±14.8 


<0.05 


D.65 


O 


7>15±U0 

rat 


6.47 ± 1,16 
6.26 (137-7,45) 


-1A ±153 


0.06 




O 


9,78 ±6,51 
6.?3 (6.QCML26) 


3.34 ±180 
433 (3.47-6,50} 


-37.1 ±253 


<aooi 


0.68 


Q 


6.99 ±2.93 
7J» (4.63-8.02) 


3.58 ±127 
2,92 [1.99-4.70) 


-40.4 ±52.6 


0,01 




0 


0.71 ±0,17 
0-70 (0.56-0,84) 


0.77 ±0.18 
0.73 (0.6M.B8) 


+11.0 ±18-5 


<o.os 


0,23 


0 


0.79 ±0.16 
0.84 (0.6*493) 


0.91 ±0,19 
041 (0.77-1-07) 


+ 17.1 ±21.4 


<CL0S 




0 


5.!7±3>17 
433 CTW.U) 


3.38 ±2.37 
233 (1.81-4.U) 


-33.2 ±2X} 


<0,00l 


0.41 


G 


3.23 ±138 
2,8ft (13*4 33) 


1.58 ±0-7S 
M5 (03S-230) 


-39.7 ±55.2 


<0.01 




o 


8.76 ±5,98 
6,06 (5,38-10.54) 


446 ±2.31 
4.01 (190-5.40) 


-39.2 ±26.7 


<QLQ01 


0,75 


c 


6-22 ±171 
6.52 (3,80-7,52) 


1»±119 
2-27 (1.46-4.23) 


-42.2 ±60.1 


o.di 




0 


2.97 ±1.03 
2-73 (7-31-3-06) 


3.7011.00 
3,65 (192-3.99) 


+29.7 ±31.2 


0.002 


L00 


0 


3-13 ±0LS7 
3.65 (133- 3416) 


3,98 ±1. 12 
4*25 (3*28-4.33) 


+33.6 ±49.8 


<o.os 




o 


-0,61 ±0,13 
-0.62(-0.7l/~03S) 


-0,55 ±0.16 
-0.S7 (-0.64/-032) 


+ 10.3*22.4 


0.05 


0.088 


o 


-0.61 ±0.11 

-0.61 (-0.71/-032) 


-0.45 ±0.20 

^0^1 (-O.fi0/-0.37) 


+215 ±33.4 


<10.01 





1?*'* Values uc prem*v4 in nunal/U except awnetcr Jt Rcsulu aie ptpnosod as mea&±$.p. And median with iflififljuartile ran&a. . gemfibrozil 
$& » 13); HDL. tip density Upapmiem; LDL, low oenstty Upopronan; Ca, OmiMf •* lft vwar*, w m* qsi»«i(y UpHpremn, '6^' 
»i u/wk 0, 'After* art values ai *<*k 11 XMui (%) is maw or me individual peroeeiagp change- 
p-value for the within tnataent group Wilpoicta tiped rwta icsi (before v* aftej) oo abiohitc vuhw. 
J>-valuc for the between TOimcm groups Mutm-Whimey U-tea (^mflbroril vs O&mcdt). 
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pjg, ]. Effect or uoiqxvmL with, crtta" Opaflor (n= IS) or GaufifarozS 13) oa to eholcsuroJ content of fWc LDL RubTniaw (LDL1 ■ LDLS) 
or pfttipnu tfia hypcrcriglycsridaxiifc; 'before' tow **h«s ftt w«k 0; 4 ifter* dmoics values at week 12. * <OX5 fox the within 

ircaunnil group, Witeoioo 4ffiod ranks test Cbdbnt v» arte). Hp optfcaai tfiffcmcc bet*wm the effect of Omioor and pmfibraa! owmeai 
on ibe cholesterol eoncctUtttioA of ihs UDL subfocctas was round. 



with gemfibrozil and Omacor alter 12 weeks of treat- 
ment (Table 1) arc in accordance with previous reports 
[10-12,36]. Our knowledge of the possible mechanisms 
by which fibrares and eicosanoida, induce these changes 
in lipid and lipoprotein concentrations has evolved 
greatly since the identification of the peroxisome proiif- 
erator-activated receptors (PPARs) [37]- Both ei- 
cosanoids and fibrates activate PPARs resulting in an 
enhanced eatabolistn of iriglyceride-rich particles by 
^p^ci^ production of apoCllI and induction of LPL 
gens expression [38]. In addition, PPAfc activation 
results in reduced secretion of VLDL particles by in- 
creased beta oxidation of fatty acids and inhibition of 
de-oovo fatty acid synthesis (39]. Tike increase in LDL 
cholesterol by ~30%£ on both therapies is slightly 
larger than previously reported [10-12,36]. The deple- 
tion of triglycerides in the VLDL + IDL fraction in- 
duced by gemfibrozil and Omacor, leading to small, 
mote dense VLDL + IDL panicles which are more 
likely to be converted into LDL panicles, has been 
suggested to be a cause of the observed increase in LDL 
cholesterol So, in this study the high triglyceride levels 
& baseline may have contributed to the rather marked 
increase in LDL cholesterol concentrations [40]. 

The main LDL subtractions before therapy were 
abnormally small and dense (LDL3 and LDL4), result- 
ing in a dense LDL subtraction profile, reflected by a 
negative value of parameter K A dense LDL subtrac- 
tion profile has been associated with an increased risk 
for CHD [6-8], The predominance of small dense LDL 
in hypertriglyceridemia can be explained by webaage 
of LDL ehateftieryl ester for VLDL triglyceride, medi- 
ated by cbotartetyl ester transfer protein, followed by 
subsequent action of lipoprotein lipase or hepatic li- 
c resulting in hydrolysis of LDL triglyceride* and 



thereby decreasing LDL particle size [411. Both gernfi- 
brazil and Omacor treatment resulted in a more buoy- 
ant LDL subfractiou profile, reflected by the increase in 
the value of parameter K (Fig. 1 and Table 1). So, 
Omacor and gemfibrozil adversely raise LDL choles* 
terol concentration but the increase in LDL cholesterol 
concentration reflects a taw atherogenic light LDL sub- 
fraction profile that may be favorable. Similar results 
have been reported in hypertensive subjects [14] and in 
patients with familial combined hyperiipidenda (FCH) 
(1 5) after Omacor treatment and in bypertriglyccridcrnic 
subjects [4] and in patients with FCH [17] after elofi- 
brate and gemfibrozil treatment, respectively- However, 
Omacor treatment is norrnolipidemic healthy subjects 
decreased LDL lipids and increased LDL apoB, thus 
decreasing the cholesterol/apod ratio, reflecting more 
dense LDL, whereas no detectable differences in LDL 
size was found [16]. A possible explanation for this 
contrasting result is that the change in LDL composi- 
tion depends on the extent of triglyceride transfer and 
Hporyra, determined by the degree of hypertriglyce- 
ridemia, which differed between the different reports, 
Reportedly, alterations in composition of LDL parti* 
clcs were associated with changes in LDL metabolism 
in cultured cells, which may render them more ather - 
genie [2,3]. Another potential mechanism that increases 
the atherqgeiucity of LDL includes the oxidative mod- 
ification [9). 

4.2. LDL oxidizability 

Oxidative modification of LDL involves the peroxi- 
dation of unsaturated fatty acids found within the LDL 
phospholipid monolay r. Several »tu6te* ^ »^ 
that various types of fatty acids can aiurU^pai^ 
susceptibility to oxidative modification 142-4*1. 
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I The results of studies on the effects f n-3 FA on 
f; LDL oxidizability are contradictory. In some of the 
jj- studies enhanced peroxidation of LDL was observed 
| [18-20), whereas other studies showed no effect of 
I dietary u*3 FA on LDL oxidation [16,21,22], Different 
F experimental conditions among studies, e,g. in duration 
I of supplementation period* Type of patient* included. 
} amount of n-3 FA provided, may explain $otne of the 
'■. apparently conflicting results obtained regarding the 
| effects of n-3 FA on LDL oxidation. 

We show that the lag time of LDL oxidation was 



significantly shortened by Omaeor, which indicates an 
increase in the susceptibility to oxidation of LDL, as 
reported previously [18-20]. The trend of increase in 
TBARS concentration in plasma after treatment with 
Omacor corresponds with the increased su^ptibUity to 
oxidation of LDL in vitro. Several studies have demon- 
strated that small, dense LDL is mom prone to oxida- 
tive modification in vitro than the large, light LDL, as 
measured by the decreased lag rime, preceding the onset 
of the lipid peroxidation, suggesting an enhanced 
atherogenic potential of the snail de&se LDL subfrao- 



Tabte 2 

Ch&ngP in fatty qcuJ composition and viiamio £ contest of uaal LDL after bcaomt with Omacor or gcm&braa) ia ajtQcoa wiih 
taypeniTtiyaa1danJa a 
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Total smouat of FUFA in LDL (pitiol) 

i. 

jHJFAMMnin B uv LDL QuBol/ma) 
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23J±£0 
23,6 (20.8-25,0) 
2AA±2A 
23.6 (23,0*25.5) 
7,9±0J 
7.9 (7.7-8.5) 

7.5 ±0.5 
73 (7.2-7.7) 
19.5 ±U 
20.1 (17.6-21.0) 
18*6 ±2.8 
19.6 (l6.UC0,6) 
40.8 ±3.5 

40.8 ±5^ 
41 J 06.7-45-6) 
5.9 ±1.2 
5.9 (4iM>,6) 
7-0 ±1.4 

6,7 (6>M-2) 
1.0 ±0.5 

1.1 (0.6-1,3) 

0.9 ±0,7 
0,7 (0.5-1.5) 
U±0.5 

1.7 

1.3±0,6 

1.2 (0.B-U7) 
6,53 ±1-71 

7.10(4.60-7,90) 

6l9S±2.39 
7.10 (5.0M.30) 
3596±32* 
3513 (332V3963) 
3839 ±271 
3872 (3702-4043) 
592 ±183 
523 (461-738) 

628 ±261 
529 (44-V-764) 
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23.1 ±3.0 

23.0 (22.0-23.6) 

7.5 ±0.6 
7J (6.M.2) 
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Table: 3 

Chang? in. LDL oxidizability after trcaancm villi Ojohaar or gemfibrozil - 



Drug 


Before 


After 


Delta (%) 


J"* 


0 


S5<7 ± a.2H 


69.7 ± 6 J 


— 18.6 ±7.6* _ 


< 0,001 




85,6 (S0.5-9Z.0j 


68.0 (66.2-74.5) 






£S 


1A £ <J- ft fi 


73 J 5: |UiQ 




0.70 




72.9 (tt.$au.) 


72.7 <$73-65.fi) 
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II.0±1.83 


11-2±2_65 


+2.0 ±20.7 


0.84 




10.6 (93-11.9) 


10.9 (8.1 13.2) 






o 




IZ,9±163 


+ 10.4 ±23.4 


an 




12.0 (I1.M2.9) 


IZB (11.3-15.0) 
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468 ±>t 


522 ±90 


+ 14-0 ±17,0 


0.01 




443 (431-494) 


521 (438-592) 






c 


499 ±4*7 


S4I±«l 


+ 9.9 ±13.3 


Q-055 




496 (46&-S34) 


532 (SQ7^ti03) 






o 


1.48 ±074 


1.88 4 0^6 


+ 38.7*65.7 


0.14 




1.19 (037-U5) 


1-73 (1.17-&S4) 




c 


tJ4±0,l9 


1.0**0.19 


-S,g±3M 


0.34 




1.05 (D-93-1.5a) 


1.06 (0.90-1.20) 





Lag lime 



Oxidation rtlfc 



Dimes 



T8ARS 



0,001 



0M 



0.62 



0,16 



* Volwrt rue presented oa ate&n ±SJ3, wad median with toterquanOc Oopst laauaet* minute^ wcknon wp in root diqecs/mg proid* per 
rain; disnvB ia aiaol/ag LDL prottdo, G, brazil (* * 13k O, Omaftor (n- J5); THARS, ihiabarbiturk acid reactive substances (O; * * 1$ 
O; n = 9). "Before* an valua* si track 0. 'Ate" art *aluc* at mi 12. CWta U ntoad of toe individual pefcenuga efcanp. 

* P'VthbJ for ib* wfcbJn inattDeai group Wifoasoii signed nob lest (before vs after) on absolute values. 
0 Jp-vftjtu far cbc beiweca nsatmqu groups Maac -Whitney (gemfibrozil vi Omacor). 



tions within each LDL subtraction profile [4,32]. In 
contrast, we now report that Omaeor treatment is 
associated with a more buoyant LDL subtraction 
profile and an mhanrr** susceptibility to oxidation of 
total LDL. Since the ratio total PUFA per vitamin E in 
LDL decreased after Omacor, We may assume thai the 
increased u-3 FA content most likely caused the in- 
creased aiuojpiibUity to oxidation, as the degree of 
unsaruration of fatty acids is one of the main determi- 
nants of the aoaoeptiblity of the lipoproteins to 
oxidation. 

After gemfibrozil treatment the lag time and T&ARS 
concentration did not change apufieantiy. To our 
knowledge only three reports have previously published 
the effect of fibrates on LDL oxidizability in humans 
[4,17,24], In primary hypctmglyoeridemic subjects, 
clofibrate treatment reduced the susceptibility of LDL 
to oxidation, as measured by a sigoificant increase m 
laatime in isolated LDL subfractions after therapy [4]. 
In subjects with familial combined hyperUpidemia 
gemfibrozil also fended to increase tba rmstence of 
total LDL to oxidation, as the lag tunc increased after 
therapy, although not caching statistical significance 
[in In patients with hypcrlipidcmia type HA and IIB, 
bezafibnuo reduced the propensity of LDL to undergo 
lipid peroxidation in vitro pfl. mechanic by 
which fibrates exhibit antioxidant potential is suU un- 
known. One study reports that the j-hydroxy^bo- 
,i* x i, involve* throueh free radic^ scav^r aen^ 
r4Sl Our present data show only httle effect cm LDL 
l S^STfier gemfibrozil treatment fm <ton ~ 
ft. basis the mote buoyant LDL aubfr** 



tion profile induced by gemfibrozil. A possible 
explanation is that LDL oxidizability is determined in 
total LDL. which is the addition of maaimal five LDL 
subtractions, $0 small changes might remain 
undetected. 

The rate of LDL oxidation did not change in either 
group. The maximal amount of dienes formed per 
milligram of LDL protein during oxidation of LDL 
was significantly increased after Omacor therapy. This 
could bo attributed to the increased number of oxidiz- 
able groups ( ~ double bands) in LDL due to Omacor 
supplementation. Indeed, a significant correlation be> 
tween the PUFA content and diene production was 
found in the Omacor group <r = 0-6l. J><0.01). 



5. Conclusion 

Gemfibrozil and Omacor have anti-atherogenic prop- 
erties, as both therapies reduce the atherogenic poten- 
tial of the lipoproteins by decreasing ihe concentration 
of cholesterol-cnrichtd VLDL and increasing HDL 
concentration. Although total plasma LDL cholpstcrol 
concentration increases, the atherogenic potential or 
LDL seems to be leas, as judged by the presence of a 
more buoyant LDL subfraction profile. In contrast J 
g^b^zT oma^r increased the susecpnbihty £ 
LDL to oxidation in vitro. Although this could be 
unfavorable, it docs not necessarily mean that n-3 M 
are atherogenic in vi>o- lo tx^maX studio ^^f 0 ^ 
SoT^^3 FA into LDL panicles tend red *em 
Lore siwpuble to oxidation in vitro, but no increase 
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B! atherosclerotic lesion development [461 30 
BntMrtherogaiic effect [47] in vivo was found. The* 
jgndings might be explained by ibe presence in vjvo of 
aauojiidant mechanisms that en attenuaia the in- 
creased potential of n-3 FA in LDL to undergo oxida- 
se modification. Furthermore, n-3 FAs an: reported 
ito nave a wide range of biological effects that may be 
'(dated to protection against atbcrogenesb, ix. reduo- 
? rion of platelet aggregation and vasocondtricaon [48- 
-52] and antiarrbyibinie effects [S3]. These mechanisms 
lican to some degree offset the potential unfavorable 
'effect of n-3 FA incorporation inw LDL Alternatively, 
rfuppleinentadon of n-3 FA with ami-oxidants may help 
jpreveni the Sttiwplibihty of LDL to pt*oxid»uvc 
modification. 
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